Urban expansion and associated habitat fragmentation are expected to be detrimental to global biodiversity. Natural habitat that is extensively modified often poses challenges to native fauna that must adapt to new conditions to survive. While some species decline in numbers or become locally extinct, the Eurasian red squirrel (Sciurus vulgaris) successfully inhabits cities. Because squirrels are sensitive to habitat fragmentation and their spaceuse patterns are influenced by the distribution and abundance of major food resources, their movement patterns are likely to be modified in response to changes in environmental conditions brought about by urbanization. Therefore, to investigate whether supplementary food resources are key to its success, the home ranges of squirrels inhabiting a large city park were related to both natural food sources (NFS) and anthropogenically-provided food sources (PFS) in 3 seasons. The combination of home ranges that were relatively small, year-round food availability and the lack of a seasonal body mass change indicates that the semi-urban environment can be highquality habitat. The squirrels' home ranges encompassed areas with a year-round NFS supply, but they shifted their home range core areas closer to PFS in seasons where they were more reliable, even though NFS were also abundant at the time. Additionally, heavier individuals' core areas were located closer to PFS. Consequently, our results show that human activity (i.e., via PFS) had a direct, measureable effect on squirrels' feeding habits and movement patterns even though NFS were available. However, the consequences of urbanization are not always detrimental for native animal species and an improved knowledge of energy resources and their effect on habitat use is important for understanding and minimizing the long-term impacts of humans on urban wildlife.
Changes to the natural environment caused by urbanization and resultant fragmentation are expected to be detrimental to global biodiversity (Baker and Harris 2007) . Currently, human land use affects more than 75% of the earth's ice-free land surface (Ellis and Ramankutty 2008) and only a small portion of ecosystems remains undisturbed from any form of anthropogenic modification (Foley et al. 2005) . It is expected that rates of land change will increase in the next 20-50 years on a global scale (Alig et al. 2004 ), leading to unpredictable consequences for ecosystems (Carpenter et al. 2007 ). The extensive modification of natural areas to make way for human dwellings and associated infrastructure results in new habitats that vary in size and quality (Dickman and Doncaster 1987) . Less than 20% of city space contains vegetated areas and these areas are not only highly fragmented but are structurally simplified and kept free of shrubs and deadwood leading to an increase in grasses and herbs (Blair and Launer 1997; Marzluff and Ewing 2001; McKinney 2008) .
Along with the destruction of connected, natural habitats and the associated food resources and nesting places, there are several other negative consequences of urbanization for animals. These include increased mortality risk (Baker et al. 2004) , high exotic predator abundance (e.g., domestic cats- Baker et al. 2005) , risk of pesticide poisoning (Blanchoud et al. 2004) , high parasite concentration (Giraudeau et al. 2014) , and disturbance by humans (Baker and Harris 2007) . Many species are unable to cope with these conditions and decline in numbers and/or are displaced to parks and wood fragments or become locally extinct (Bradley and Altizer 2007) . However, others are not only able to cope with small patches of natural or semi-natural habitat (Baker and Harris 2007) but can take advantage of urban conditions (McKinney 2002) . Such species tend to travel easily through matrix habitats and are food generalists (Baker and Harris 2007) . They benefit from positive effects like an attenuated climate, increased ambient temperature and precipitation compared to surrounding rural areas (Oke 1981; Pickett et al. 2001) , longer days due to artificial light (Davison et al. 2008) , and a lower abundance of large, native predators (Baker and Harris 2007) . Other advantages include plentiful and stable food resources from human food waste and supplemented food for birds and the heterogeneity of the urban landscape (Gaston et al. 2005; Babińska-Werka and Żółw 2008) . These factors lead to higher population densities, reduced territorial and migration behavior, and smaller home ranges (Davison et al. 2008) .
Individual space-use patterns in an urban system are determined by the distribution and abundance of major food resources and levels of intraspecific competition . Moreover, home range size varies with body mass, energetic requirements (McNab 1963; Harestad and Bunnell 1979) , individual feeding preferences (Mace and Harvey 1983) , and social traits (e.g., socio-ecological model- Emlen and Oring 1977) . Consequently, the modification of animal movement patterns reflects responses to changes in environmental conditions. Habitat specialists like arboreal and semi-arboreal mammals that have comparably poor dispersal capabilities through unsuitable peripheral matrix habitat are often detrimentally affected by fragmentation (Koprowski 2005; Verbeylen et al. 2009 ). However, the Eurasian red squirrel (Sciurus vulgaris) is a small mammal species that successfully inhabits cities (Verbeylen et al. 2009 ). In natural habitat, it lives solitarily in forests dominated by conifers but is generally very flexible in habitat choice (Lurz et al. 2005) . As red squirrels (henceforth "squirrels") are homeotherms (i.e., unable to use torpor to physiologically reduce energy expenditure), they rely on behavioral and/or morphological means to adjust to seasonally changing food supply (Dausmann et al. 2013) . Demography, social behavior, and space use strongly depend on the availability of its main food source, tree seeds, which is highly variable among both seasons and years (Boutin et al. 2006; Di Pierro et al. 2008) . In cities, however, although little information is available on the relationship between squirrel ecology and food availability it has been suggested that urban parks can support viable populations when ecological corridors are maintained and sufficient food is available (Rézouki et al. 2014) .
Thus, the aim of this study was to investigate the feeding patterns of squirrels in a semi-urban environment affected by habitat loss and fragmentation and the constant presence of humans. The home ranges of squirrels in a large city park in Hamburg, Germany, were measured via radiotelemetry and related to both natural food sources (NFS) and anthropogenicallyprovided food sources (PFS). Food availability was also correlated with squirrels' home range core areas, i.e., the preferred areas within home ranges. Home ranges of both sexes were predicted to be smaller in fall compared to spring and summer as food availability is higher and individuals should therefore not need to expand their home ranges searching for food. As squirrels can obtain up to 40% of their daily energy requirements from supplementary food (Magris 1998; cited in Magris and Gurnell 2002) , we hypothesized that during seasons with more PFS, home ranges encompassing PFS would be smaller, and core areas would be closer to those sources, than in seasons when squirrels relied more on natural food. Social organization and reproductive investment differ between sexes as only females are involved in parental care, so we predicted that females would occupy core areas closer to readily available food sources owing to the increased energy demands of pregnancy and lactation. In contrast, males were predicted to focus on females instead of shifting core areas to areas with a higher quantity of food.
Materials and Methods
Trapping and radiotracking.-Squirrels were caught in January and June 2013 in Ohlsdorf Cemetery, Hamburg (53°37.393′N; 10°3.516′E), which at 391 ha is the largest nonmilitary park cemetery in the world. Cage traps (20 × 20 × 50 cm; Tomahawk Live Trap, Hazelhurst, Wisconsin) were set in trees or bushes and baited with both naturally available (walnuts and hazelnuts) and commercial (peanut butter, apple, sunflower seeds) food. Traps were opened in the early morning and checked every 1-2 h during the day before being closed in the late afternoon.
Non-reproductive, adult animals (n = 7; 3 females, 4 males) were placed in a handling cone (after Koprowski 2002) before being weighed, sexed, and equipped with a radiotransmitter mounted on a cable tie collar (PIP2SM; Biotrack Ltd., Dorset, United Kingdom). The mass of a transmitter and collar was 4.4 ± 0.1 g (n = 8) and therefore ~1.3% of the smallest squirrel's body mass, which is well below all recommended maxima suggested by Rojas et al. (2010) . A passive integrated transponder (ID-100B; Trovan Ltd., East Yorkshire, United Kingdom) was injected subcutaneously between the shoulder blades for individual identification. Processing took approximately 15 min and afterward squirrels were released at the point of capture. At the end of the study, animals were retrapped, weighed, and the collars were removed. Squirrels were tracked between 0700 and 1300 h once per week from April to June 2013 (n = 2 females, 1 male; spring) and July to August 2013 (n = 3 females, 4 males; summer), and twice per week in October and November 2013 (n = 3 females, 4 males; fall). Squirrels were tracked for 19 ± 4.6 days (range 15-24 days). The location of each animal was determined every 36 ± 17 min in a rotating fashion and recorded using a handheld GPS (Garmin etrex, Schaffhausen, Switzerland) with a mean accuracy of 7.0 ± 3.4 m. Squirrels were tracked in random order to allow observations at different times of the day. Animal handling and research methods followed American Society of Mammalogists guidelines (Sikes et al. 2011) and were approved by the City of Hamburg Board of Health and Consumer Protection (permit no. 76/13) and the Hamburg Cemeteries Institute of Public Law.
Home ranges, core areas, and moved distances.-Home range sizes were determined as the isopleths of 100% minimum convex polygons (MCPs) and core areas as isopleths of 50% fixed kernel density estimators (KDE50). Core areas provide information about habitat selection because they are locations where the squirrels spend most of their time; there are usually several contained within a home range. MCPs allowed comparisons of our home range results with previous studies because it is the most frequently used method of analyzing animal movement (Powell 2000; Nilsen et al. 2008) . It neutrally reflects the total used area without weighing for use intensity or excluding topographic elements that were presumably never occupied by the animal (e.g., lakes, buildings-Haller 1996) . To interpret focal space use within home ranges (i.e., core areas), we used KDEs, which vary in size depending on selected bandwidth. For example, smoothing factors can slightly either undersmooth core area estimates, producing multiple precisely located but small core areas, or assume normally distributed data and over-smooth, leading to larger, fewer, and less accurate estimates (Kie 2013) . We were interested in the position of core areas in relation to food sources on a fine scale, so we used an individual smoothing factor h (determined using least squares cross-validation) which under-smoothed estimates to produce accurate locations. Home range and core area sizes were calculated using Cran R (R Core Team 2013a) with the packages "maptools" (Bivand and Lewin-Koh 2014) , "adehabitat" (Calenge 2006) , "rgeos" (Bivand and Rundel 2014) , "ade4" (Dray and Dufour 2007) , "foreign" (R Core Team 2013b), "fields" (Nychka et al. 2015) , and "shapefiles" (Stabler 2013). We performed an incremental area analysis on MCP estimates of each individual's home range size using a randomized resampling approach with 100 iterations. To assess whether home range size estimates were asymptotic, we used several methods (Odum and Kuenzler 1955; Kenward 2001) because no standard exists and results may vary considerably (Laver and Kelly 2008) . Data points were regarded as independent because the individuals covered maximum distances of 147-210 m between 2 fixes (~36 min) and were thus able to cross their home ranges during this sampling interval (Lair 1987) . To get an impression of activity among seasons, the distance moved per hour was calculated. Data were processed using ArcGIS v9.3 and v10 (ESRI 2011) .
Provided food sources.-During the tracking periods, all bird feeders and other potential food sources provided by members of the public inside the study area were located once each week. Food inside bird feeders was identified and weighed using a spring balance (± 5 g; Kern and Sohn, Balingen, Germany).
Natural food sources.-Natural food source counts were based on a method used by Wauters and colleagues (2005) . To quantify the amount of available natural food, 47 trees of 8 different species were monitored each week during the study period. Trees were randomly chosen within a 150 m radius around the trapping locations of all tracked squirrels. The number of fruits/cones on a single branch was counted at each compass point, i.e., 4 branches per tree. The smallest tree had 12 branches in total that were large enough to carry cones. As only 4 branches from all other trees were counted, the total amount of NFS per tree was estimated by multiplying the counted NFS number by 3, giving a value approximating the minimum amount of available natural food per tree.
Food source availability.-An estimate of the quality of home ranges and core areas was made by comparing the 5 closest identified food sources to the centroid of each core area for each individual in each season. To increase the precision of analyses, we included all individual core areas instead of mean location values because individual areas occupied by squirrels varied substantially in food source composition and biologically relevant information is contained within the autocorrelative structure of animal movement (see below-De Solla et al. 1999; Cushman et al. 2005) . Total numbers of PFS and NFS close to the core areas were compared between sexes and among and within seasons. The proportion of PFS to NFS was calculated using an estimated value of the mean mass of available food per week. The mass (g), total energy content (kJ), and relative energy content (kJ/g) of PFS were provided by the manufacturer or calculated based on the ingredients, and for NFS they were calculated based on published means ( Table 1) . The individual mean mass and energy content per season of the 5 closest natural and provided sources to each core area's centroid were used to estimate the quality of the core area's location according to food availability and human influence. The differing distances of the centroids to the food sources were indicators of food preference shifting.
Statistical analyses.-Data were analyzed using SPSS v21 (IBM Corp. 2012). Prior to analyses, all data were checked for normality using the Shapiro-Wilk test for small sample sizes (D'Agostino et al. 1990 ). If possible, data were transformed using a square root function to achieve normal distribution. Before the actual analysis, we tested for any correlation between variables using Pearson product-moment correlations or Spearman's rank-order correlations. Differences in mean characteristics per individual in home range and core area sizes, moved distances, and food availability between sexes were analyzed using unpaired samples t-tests or Mann-Whitney U tests. Paired samples t-tests or paired samples Wilcoxon rank tests were used for comparisons of these variables between 2 seasons, while repeated measures analysis of variance (rmANOVA) or Friedman tests were used to test for differences among all seasons. Before each rmANOVA, Mauchly's test of sphericity (Mauchly 1940 ) was used to determine whether the assumption of sphericity was violated and therefore whether a correction was necessary. Corrections were applied as recommended by Girden (1992); i.e., when sphericity was significantly violated, the Greenhouse-Geisser correction was used. All post hoc pairwise tests were performed with the same assumed deviation as in the original test to ensure comparability. Finally, body mass at capture was correlated with the number and size of core areas, and the mean mass, total energy content, and relative energy content of available food sources close to the core areas using Pearson product-moment correlations. Means are reported ± 1 SD. n indicates the number of individuals, N the number of measurements. Two-tailed statistical tests were used and the significance level was P ≤ 0.05; post hoc statistics were corrected using a Bonferroni correction (P ≤ 0.017).
results
Home ranges, core areas, and moved distances.-The average number of fixes for each individual was 162 ± 17.1 (49.7 ± 14.2 in spring, 67.0 ± 17.0 in summer, 72 ± 2.0 in fall). Incremental area analyses revealed that for each individual, home range size asymptotes were reached within the number of fixes we took; on average, 123 ± 24.1 fixes were required to capture at least 95% of the studied squirrels' home ranges, indicating that the study period was sufficient to obtain reliable total home range size estimates. A stepwise comparison revealed that after 41 ± 20.9 observations, additional locations produced a less than 1% increase in home range size, indicating that the number of fixes was also sufficient to make reliable seasonal home range estimates.
Home range size (2.7-9.0 ha) was not influenced by season or sex (season: F 2,4 = 1.60, P = 0.309; sex: t 5 = 0.130, P = 0.902; Table 2 ), whereas core areas differed significantly in size among seasons (χ 2 2 = 6.0, P = 0.050; Table 2 ). Females had fewer core areas in fall than summer (t 2 = 4.981, P = 0.038; Fig. 1a ) and tended to have larger core areas in fall compared to summer (t 2 = 4.046, P = 0.056; Figs. 1b and 2). In contrast, the number and size of males' core areas did not differ between fall and summer (total number: t 3 = 0.855, P = 0.455; size: t 3 = 1.219, P = 0.310; Figs. 1a and 1b) .
The distances moved per hour were significantly influenced by season (F 2,4 = 27.530, P = 0.005). Squirrels moved longer distances per hour in spring (117.85 ± 6.26 m) compared to summer (77.04 ± 21.57 m) and fall (94.05 ± 8.45 m; spring versus summer: t 2 = 5.308, P = 0.034; spring versus fall: t 2 = 4.833, P = 0.040), and shorter distances in summer than fall (t 6 = 2.343, P = 0.058). Additionally, females moved significantly longer distances in fall than in summer (t 2 = 5.665, P = 0.030), whereas males did not change their movement patterns between these seasons (t 3 = 0.799, P = 0.483).
Food availability.-Provided food sources included large, permanent bird feeders filled with sunflower seeds or bird seed mixes (e.g., CJ Wildlife, Shrewsbury or Garden Wildlife Direct, Preston, United Kingdom), baskets of hazelnuts or walnuts, plastic bottles filled with nuts and/or seeds, and various small, = 104, P < 0.001; Fig. 3a ) and between each season (spring versus summer: Z = −3.998, P < 0.001; spring versus fall: Z = −6.142, P < 0.001; summer versus fall: Z = −8.026, P < 0.001; Fig. 3a) . Available total energy (kJ/week) of PFS followed the same pattern as mass and differed among seasons (spring: 190,419 kJ/week; summer: 79,323 kJ/week; fall: 416,553 kJ/week; χ ; F 2,190 = 3.695, P = 0.027; Fig. 3b ). The content was significantly higher in summer than in fall (t 95 = 2.533, P = 0.013) and there was a trend to be higher in summer than spring (t 95 = 2.232, P = 0.028), whereas the relative energy content in spring and fall was even (t 96 = 0.142, P = 0.887; Fig. 3b ).
Natural food sources included 47 trees of 8 different tree species (Quercus robur, Fagus sylvatica, Aesculus hippocastanum, Castanea sativa, Larix decidua, Pseudotsuga menziesii, Pinus sylvestris, and Picea abies) and fruit/cones were available year-round (spring: 9.32 ± 0.46 kg/week; summer: 3.23 ± 0.16 kg/week; fall: 27.01 ± 1.77 kg/week; Fig. 3a) . The mean mass per week differed significantly among seasons (F 1.005,46.227 = 5.303, P = 0.026; Fig. 3a) and between seasons (Tukey 1977) indicating a) the total number of home range core areas that female (n = 3) and male (n = 4) red squirrels occupied in summer (light boxes) and fall (dark boxes) and b) the average size of these core areas. Significant differences between seasons after paired samples t-tests are marked with an asterisk (P ≤ 0.05). (spring versus summer: t 46 = 2.839, P = 0.007; spring versus fall: t 46 = 2.839, P = 0.007; summer versus fall: t 46 = −27.600, P < 0.001; Fig. 3a ; F 1.067,19.212 = 1.160, P = 0.299; Fig. 3b ).
Comparing NFS and PFS directly, the mean mass and total energy content per week of NFS was higher in fall (mass: U = 0.000, P = 0.008; Fig. 3a ; energy: U = 0.000, P = 0.008), but there was no significant difference in spring (mass: U = 50.000, P = 1.000; energy: t 9 = 0.083, P = 0.936) and summer (mass: U = 24.000, P = 0.442; energy: t 7 = 0.083, P = 0.156). PFS had a higher relative energy content in summer than NFS (t 31 = 2.773, P = 0.009; Fig. 3b ), whereas the content was approximately the same in spring (t 66 = 0.695, P = 0.489) and fall (t 115 = 0.451, P = 0.653).
Influence of food sources on core area locations.-Males' core areas were located closer to food sources than females' core areas (U = −4.043, P < 0.001) and particularly to PFS (U = −4.665, P < 0.001; Fig. 4a ). Both male and female core areas were significantly closer to NFS than PFS (males: U = −2.309, P = 0.021; females: U = −1.964, P = 0.050). Additionally, females had NFS with a higher relative energy content surrounding their core areas compared to the energy content of PFS (t 4 = 3.697, P = 0.021), whereas no differences between NFS and PFS energy content were evident for food sources surrounding male core areas (t 6 = 2.184, P = 0.072). Comparing seasons, the distances of core areas to NFS did not vary (χ 2 2 = 2.478, P = 0.290), but the distances to PFS differed (χ 2 2 = 10.565, P = 0.005; Fig. 4b ). The total energy content per week of NFS surrounding core areas changed significantly among seasons (F 2,4 = 27.279, P = 0.005), whereas the total energy content of PFS was stable (F 2,4 = 1.783, P = 0.279). The available relative energy of both NFS and PFS surrounding the core areas was similar among seasons (NFS: F 2,10 = 0.715, P = 0.513; PFS: χ 2 2 = 4.261, P = 0.119). In spring, squirrels shifted their core areas closer to NFS than PFS (U = −3.489, P < 0.001), but mean mass, total energy content, and relative Fig. 3. -The a) average mass per week (g ± SD) and b) relative energy content per week (kJ/g ± SD) of natural (NFS, light bars; n = 47) and provided (PFS, dark bars; n = 104) food sources available to red squirrels in Ohlsdorf Cemetery in spring, summer, and fall. Paired samples t-tests and paired samples Wilcoxon rank tests were used for comparisons; significant differences between seasons are marked with asterisks (**P < 0.01). Friedman tests and paired samples Wilcoxon rank tests were used for statistical comparisons; significant differences are marked with asterisks (*P ≤ 0.05; **P < 0.01).
energy content did not vary between both food source types (mass: t 4 = 1.910, P = 0.129; total energy: t 4 = 0.946, P = 0.398; relative energy: t 4 = 2.039, P = 0.111). In summer, core areas were also located closer to NFS than PFS (U = −10.466, P < 0.001) and NFS surrounding the favored areas were significantly higher in mass than PFS (U = 0.000, P = 0.002). Total energy content of NFS and PFS did not differ (t 12 = 1.744, P = 0.107), but the relative energy was higher for PFS than NFS (t 6.753 = 6.744, P < 0.001). In fall, squirrels shifted their core areas to regions close to both food source types (U = −0.053, P = 0.958). Mean mass of NFS surrounding the core areas was significantly higher than mass of PFS (t 6.064 = 2.814, P = 0.030), whereas total and relative energy contents did not differ (total energy: t 6.201 = 2.250, P = 0.064; relative energy: t 12 = 1.448, P = 0.173).
Thus, squirrels shifted core areas to regions with a higher NFS mass in seasons with a restricted food supply (i.e., spring and summer). However, total energy content of both NFS and PFS surrounding the core areas did not differ among seasons.
Influence of food type on body mass.-Body mass ranged from 322 to 450 g and did not differ between sexes (females: 368.1 ± 44.6 g, males: 367.7 ± 15.0 g; t 12.580 = −0.026, P = 0.980) or among seasons (F 2,8 = 2.588, P = 0.136). Body mass was positively related to both the mean mass and total energy content of surrounding PFS, indicating that the core areas of heavier animals were located closer to high-mass and energy-content PFS (mass: r P = 0.756, P = 0.049; energy: r P = 0.772, P = 0.042). However, the mean mass and total energy content of surrounding NFS had no significant influence on squirrels' body mass (mass: r P = −0.410, P = 0.361; energy: r P = 0.4842, P = 0.271). Relative energy content had no influence on body mass (NFS: r P = −0.516, P = 0.236; PFS: r P = 0.649, P = 0.115).
discussion
Our study shows that the foraging preferences and movement patterns of squirrels in a semi-urban environment (a large park in Hamburg, Germany) were directly affected by the influence of humans. Squirrels focused on regions with a stable NFS supply but shifted their core areas closer to PFS in fall when supplemented food availability was higher and thus more energetically profitable. PFS were always included within the 5 closest food sources, most likely because compared to NFS, PFS were more consistent in energy content (kJ/week) over the seasons and the relative energy content (kJ/g) of PFS was higher in all seasons. Moreover, core areas of heavier individuals were located closer to high-mass and high-energy PFS, whereas NFS had no influence on body mass. Activity was adjusted according to food supply; when resources were limited (i.e., during summer), squirrels moved shorter distances, likely to save energy. Consequently, the provided food had a measureable effect on space use even though natural food was available year-round, resulting in the squirrels shifting their core areas in accordance with available food supply. Although our sample size was small, we are confident that our results reflect squirrels' natural ecological patterns as we were able to identify statistical differences among observed variables that are unlikely to change with the inclusion of additional individuals.
Unlike our predictions, home range sizes of the red squirrels in our study (2.7-9.0 ha) did not vary among individuals, seasons, or sexes and were relatively small compared to previously reported values. Red squirrel home range size is extremely variable among habitats, ranging from 2 to 5 ha in high-quality mixed broadleaf-conifer woodlands to 10-30 ha in subalpine conifer forests following a good tree seed crop, and up to 80-110 ha in a year following seed crop failure Wauters et al. 2005 Wauters et al. , 2007 . The small sizes we observed may be related to the red squirrel's relative sensitivity to forest fragmentation compared to other tree squirrel species (e.g., S. carolinensis, S. niger, and Tamiasciurus hudsonicus), and its need of continuous forests or high levels of food supplementation or habitat connectivity to persist in fragmented habitats (see Koprowski 2005) . The small home ranges in our study also probably indicate that the park is a high-quality habitat with sufficient food, as space use strongly depends on the availability and distribution of food resources (Börger et al. 2006; Di Pierro et al. 2008) . This is consistent with the negative relationship between home range size and resource availability for several other species in semi-urban or fragmented habitat, where small home ranges were also likely the result of extremely high resource loads (e.g., foxes Vulpes vulpes- White et al. 2006 ; squirrel glider Petaurus norfolcensis-van der Ree and Bennett 2003; see also Harestad and Bunnell 1979; Damuth 1981) . In times of a drastically restricted food supply, such as a cold winter with snow cover and/or frozen upper soil layer, the urban environment could potentially pose a substantial challenge; however, in our study site, the widespread availability of PFS would likely aid squirrel survival.
While home ranges did not vary, core area use and travelled distances were measurably different between sexes as expected. In summer, female squirrels moved shorter distances and had numerous small core areas, whereas in fall, they travelled farther and occupied fewer but larger core areas. Surprisingly, males, on the other hand, did not adjust distances moved or change core area size or number between seasons and were always closer to PFS than the females. Both males and females shifted their core areas closer to high-mass NFS in summer even though PFS were higher in relative energy content, likely owing to the reduced number of available PFS. It is possible that females changed core area use between summer and fall, in contrast to males, because they had a larger reproductive investment . Consequently, they needed to focus on patches with a greater food supply in order to prepare for the upcoming reproductive season because female success depends on home range quality, their cached food, and their body condition (Wauters and Dhondt 1989a; Wauters et al 1995) . In fall, females used fewer but larger core areas close to high-mass food supplies, which would allow easy access to food when they were pregnant or lactating. They could have defended these areas against other females, and indeed female home ranges seldom overlapped (Reher 2014) , supporting the idea of territoriality among females proposed by Wauters and Dhondt (1992) . Male home ranges, however, overlapped among individuals throughout the year (Reher 2014) . They used slightly larger home ranges (Reher 2014) , keeping core areas near NFS in both summer and fall and appeared to focus on the reliability of food sources instead of expending unnecessary effort on energetically costly territory defense. Although our findings were statistically significant, we concede that our low sample size warrants a careful interpretation of intersex comparisons.
Natural food sources and PFS were characterized by seasonal variation in mass and total energy content. The relative energy content of NFS remained stable, whereas the relative energy content of PFS varied among seasons. In seasons with restricted food supply (spring and summer), squirrels focused on NFS although there was no difference in either mean mass, total energy content, or relative content between NFS and PFS. Only in summer, when food availability was lowest, PFS were higher in relative energy content. Interestingly, PFS were always included within the 5 closest sources and probably served as a reliable energy top-up. Additionally, squirrels shifted their core areas to regions surrounded by sources with high mass and energy contents resulting in a lack of seasonal differences among the objective "quality" of core areas' positions. Consequently, we suggest that the patterns of space use in our study are not the result of food or space restriction, but rather the contrary. Although seasonal core area shifting may be costly, it seems to illustrate a trade-off between energy gain and expenditure. Animals' behavior generally optimizes perceived benefit and minimizes cost (McFadden 2001) , but this process is very complex and foraging behavior can be affected by food availability (Ostoja et al. 2013) , food value, food preference/ incidental prey availability, risks posed by plant secondary metabolites, handling time, metabolic costs, and predation risks (Lichti et al. 2015; Schartel and Schauber 2016) . Proteins, lipids, and carbohydrates in food items are absorbed with varying efficiency, have different energy contents, and require different amounts of energy to metabolize (Robbins 1993) . As squirrels often consume only those portions of the seed that contain the highest nutritional value and avoid parts with intolerable chemicals or indigestible fiber (Smith and Follmer 1972) , it is difficult to predict a general pattern of scatter-hoarding behavior. Seed species yield different benefits to animals at different times of the year and thus, more research into food selection is necessary before making general predictions. However, our study showed that regardless of natural variation in food supply owing to differing ripening schedules, animals shifted their favored areas to regions with stable total and relative energy content food sources.
Red squirrels in natural habitat undergo seasonal changes in body mass, which reflects food stress in less productive seasons (Wauters and Dhondt 1989b) . However, the body mass of the squirrels in our study did not vary over the course of the year likely indicating that they were never food-stressed. Instead, we found a positive relationship between body mass and mean mass and total energy content of PFS, i.e., the PFS core areas of heavier individuals were located closer to high-mass and high-energy PFS, whereas available NFS had no influence on body mass. As NFS were available throughout the year, we suggest that PFS supplemented the diet, providing extra available energy to squirrels close by and resulted in greater body mass. A greater body mass is advantageous because reproductive success is linked to both female and male body condition (i.e., only females with weight above 300 g come into oestrous and males' dominance ranks trigger mating success-Bosch and Lurz 2012). Experimental studies have shown that supplemental feeding usually increases body mass for most studied species of mammals and birds relative to those in control areas (Boutin 1990) , which is consistent with our findings. However, Magris and Gurnell (2002) found no difference in the body mass of supplementary fed versus nonfed red squirrels, while Shuttleworth (1996; cited in Magris and Gurnell 2002) observed an average increase in body mass of 10 g in animals that had access to provided food. Provided food can lead to an increase in body mass, which may enhance survival if the food contains an appropriate balance of nutrients (Banks and Dickman 2000) . Supplemented squirrel food often consists of mostly sunflower seeds, which are high in energy (21 kJ/g- Waite et al. 1988 ), similar to seeds of, for example, European larch, Norway spruce, or Scots pine (23.1, 27.2, and 25.6 kJ/g, respectively-Grodziński and Sawicka-Kapusta 1970), but much less time-consuming to process Makowska and Kramer 2007) . Because squirrels need 347-418 kJ of food each day (Grönwall 1982; Gurnell 1987; Bryce et al. 2001) , the equivalent of 16.5-19.9 g of sunflower seeds or 90.4-108.9 complete Scots pine cones would be necessary to cover their requirements. Gray squirrels given the opportunity to select between high-energy but time-consuming walnuts and less digestible but natural acorns preferred walnuts (Smith and Follmer 1972) . Consequently, the presence of PFS in our study site could likely support a population with a higher density of individuals than would be possible in natural habitat.
As the relatively small size of urban parks and the way they are managed affect the value of such habitats for animals (Dickman and Doncaster 1987) , our findings stress the importance of landscape heterogeneity and tree species composition to ensure natural food availability throughout the entire year. In more homogenous, natural habitat trees might bear crops only once annually, while in our study site, a total of 450 different tree species can be found. Although not all carry food that is appropriate for squirrels, this number ensured ripe crops yearround because NFS were available each season and were more numerous than PFS. For example, Douglas-fir trees carry ripe seeds from August to October, filling the gap between Scots pine (December to March) and European beech (September to November). Each food type could have been selected by the squirrels based on caloric value and/or plant secondary metabolite content at different times of the year. However, Springer (2009) found that squirrels in our study site showed individual differences in seed selection, but no general preference for seed type when crops from several different tree species were available, as was the case during our study period. When seeds are abundant, but competition is high, scatter hoarders maximize their benefits by securing resources as quickly as possible without thoroughly assessing the value of food items (Lichti et al. 2015) . When seed resources decline and search times become longer, they invest more time in appraising individual seeds and become pickier about which resources they store and where they are stored (Lichti et al. 2015) . Red squirrels transport, for example, walnuts and chestnuts farthest from the site of origin and generally choose food items of high-energy content for hoarding (Lee 2002) . During times of restricted food supply in natural habitats, red squirrels revert to food sources including bark, tree flowers, immature seeds, bark-growing fungi, leaves, buds, and insects Rima et al. 2007; Bosch and Lurz 2012) . Our examination of movement and diet did not include detailed behavioral observations, nevertheless, we only saw a squirrel eating bark on a single occasion, lending further support to the conclusion that squirrels in our study site were not food-stressed.
Provided food sources appeared beneficial to the squirrels in our study and the influence of this resource is likely much stronger in urban areas that have fewer NFS, such as small public parks or private backyards, where people may inadvertently remove and dispose of fallen seeds when gardening. It is therefore important to inform the public about appropriate feeding habits, as many people provide supplementary food via small bird feeders to interact with local wildlife. Thus, knowledge of species' dietary requirements is needed for suitable feeding practices. In addition to seed mixes, most people provide squirrels with peanuts (Bosch and Lurz 2012), which can lead to malnourishment, calcium deficiency, and metabolic bone disease (Garriga et al. 2004; Bosch and Lurz 2012) . The squirrels in our study had enough natural food to rely on and free-ranging animals that have access to provided food sources usually rely on them to a point without becoming completely dependent (Jones and Reynolds 2008) . However, such information is still important for species that may use provided food alone or as main source, like in the exceptional cases of wildlife feeding for tourism (Orams 2002) or to facilitate breeding in endangered species (Powlesland and Lloyd 1994) . Additionally, feeders can increase the risk of disease transmission as they serve as distribution points for both viruses and parasites (Brittingham and Temple 1986; Giraudeau et al. 2014) . Although supplemental feeding can aid conservation programs, as is the case for the endangered bearded vulture (Gypaetus barbatus- Oro et al. 2008) , any negative long-term effects on the health of not only squirrels but all species using feeders should be minimized.
It appears that year-round food availability enabled the squirrels in our study to successfully inhabit a semi-urban environment despite the potential negative effects of habitat fragmentation and infrastructure. They benefitted from reduced territoriality and their ability to utilize both native and anthropogenically-provided food sources that were high in relative energy content, which likely facilitated a high population density. When necessary, they reacted to changes in their local environment by reducing activity and shifting their core areas to locations where they could obtain food more reliably.
We therefore suggest that one of the key requirements needed for wildlife species to successfully inhabit urban environments is the presence of a food supply that is both predictable and reliable. However, as habitat fragmentation and altered food availability is a considerable threat to the conservation of biodiversity and is a principal cause of species endangerment, identifying and quantifying other biotic and abiotic factors that influence space-use patterns, e.g., climate, habitat type, interspecific interactions, or metabolic adjustments, is vital for ensuring the persistence of all species affected by ongoing urbanization processes.
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